ABSTRACT: The species lists presented for benthic macroalgae, invertebrate and vertebrate species presented are extracted from recent pubhcations (from 1977 to date}. The lists summarize the species composition of the intertidal and subtidal hard-bottom communities around Helgoland. Additional information is supplied for the species composition of the "Steingrund" and "Tiefe Rinne". The lists do not claim completeness, but have been intended to provide a working platform for further listings and for comparison with data published earlier.
INTRODUCTION
The island of Helgoland is situated some 50 km off the nearest mainland. The marine environment around Helgoland displays an offshore character and is for the major part of the year under the influence of North Sea water bodies {Martens, 1978}. Fresh water inflows from the rivers Westerschelde, Maars, Rhine, Weser and Elbe, and the pollutants transport therein reach the area around Helgoland only in diluted form (Korringa, 19681 De Ruijter et al., 1987) . Therefore, the area can be considered as relatively unpolluted compared to more inshore localities in the southern North Sea. Nevertheless, the environment around Helgoland is influenced by human activities, which has been proved by regular analyses of nutrients and phytoplankton biomass during the last 30 years on the Helgoland Reede (Radach & Berg, 1986; Radach & Bohle-Carbonell, 1990 ). The increase in nutrients and phytopIankton biomass results in an overall increase of benthic macrofauna biomass in the German Bight (Rachor, 1990) , which is in good agreement with other organically enriched areas in the North Sea (Rachor, 1990 and literature cited therein}. Rachor {1990} demonstrated that deep-dwelhng and long-living species derive less benefit from these changes than animals which (1) live near the sediment surface~ (2) have an adaptive feeding behaviour; and (3) grow and reproduce quickly.
Helgoland is the only natural hard-bottom substrate in the southern part of the North Sea. The rocky area around Helgoland covers about 40 km 2, which is more or less identical with the area of the nature reserve {5138 ha}. In the vicinity of Helgoland, an additional hard-bottom substrate occurs at "Steingrund", a glacial end moraine north-east of Helgoland. The species settling on these hard-bottom substrates can be considered as isolated. The next natural hard-bottom communities occur along the Norwegian and East English coast line. We know only little about recruitment and population dynamics of the species living in the intertidal and subtidal area around Helgoland. This area is under particular pressure by human activities such as fishery and ship traffic. A few miles south of Helgoland there are major shipping routes to the harbours of Wilhelmshaven, Bremerh~ven, Hamburg and to the Baltic Sea. The potential danger of these activities was demonstrated vividly on January 26 th, 1993 when the "Hudson Bay", a 299 m cargo ship, was in peril of stranding in the southwest intertidal area of the island of Helgoland.
During the last 15 years, several investigations on community structure in the intertidal and sublittoral area around Helgoland have been performed (see literature cited in Table 1 ). The species lists presented here summarize data on benthic algae (Table 2) , benthic invertebrates (Table 3 ) and acrania and vertebrates (Table 4) as supplied by these publications. Additional information is supplied by records on planktonic polychaete larvae (Table 5) , whose adults are not listed in Table 3 . So far, only a list of benthic macroscopic algae settling around Helgoland exists , 1978 , 1983 Kommann, 1986) . The algae species recorded in recent publications comprise 2/3 of the species listed in the publications by , 1983 . The frequency of recordings might be a useful first indication of the abundance of each species. As far as possible, rare species and species with highly fluctuating abundance are marked. The relevant publications should be consulted for more detailed information about sampling methods, locations and literature used for species determinations. As far as possible, sampling areas are given in Figure i for the intertidal and in Figure 2 for the subtidal area. The species lists were supplemented by observations (from 1980 until the present date) made by members of the Biologische Anstalt Helgoland. Most of these additionally listed species can be considered as rare. The literature used for taxonomic classification is listed in Table 6 .
The lists presented are a preliminary attempt to give an overview of the species diversity of the hard-bottom community around Helgoland. The lists do not claim completeness; more detailed investigations with regular sampling programs are needed for both intertidal and subtidal communities. For further completion of these lists in the near future, information on additional species, with reference material if possible, is especially requested from guest researchers and student courses which are held in great number at the Biologische Anstalt Helgoland each year.
The lists of the current species composition around Helgoland will form the basis for comparison with data sets published in earlier years (Dalla Torre, 1889; Heincke, 1894a, b; Hartiaub, 1894; Kuckuck, 1894 Kuckuck, , 1897a Kuckuck, , b, 1900 Kuckuck, , 1902 Michaelsen, 1897 Michaelsen, , 1923 Attems, 1897; Ehrenbaum, 1897; Weltner, 1897; Ascherson, 1900; Heydrich, 1900; Sokolowsky, 1900 Sokolowsky, , 1902 Sokolowsky, , 1925 Schultz, 1902; Longchamps, 1904; Hartmeyer, 1908; Borowsky, 1910; Grimpe, 1925; Hagmeier, 1925 Hagmeier, , 1930 Zimmermann, 1925; Klie, 1927; Hertling, 1930 Hertling, , 1932 Nienburg, 1930; Schlottke, 1932; Caspers, 1939 Caspers, , 1950 Caspers, , 1952 . Additional information on the community structure around Helgoland is given by Stein et al. (1990) , who summarized data sets between 1902 to 1912 for the Baltic and North Sea area. The comparison between new and old data sets is time consuming and is not the purpose of this publication. First attempts to quantify changes in species abundance were Table 1 made by Berberich (1989) for the "Tiefe Rinne", and by Kfihne (1992) for the " Steingrund". Berberich (1992) compared her data with earlier recordings made by Caspers (1939) . For numerous species, changes in abundance could be recognized. At "Steingrund", almost complete extinctions of macroalgae compared to early investigations (Hagmeier, 1925) were recorded. As shown by Berberich (1989) and Kfihne (1992) , only dramatic changes in abundance, extinction of species or new records can be detected by direct comparison between new and old data sets. Comparisons can only be a provisional means of assessment for the detection of changes in the species composition. In dealing with changes in species composition, one must take into account that both natural phenomena and human activities are continously changing the riving conditions for wild flora and fauna. Although it has become obvious that human impact is of greatest significance for the often dramatic changes observed in the environment during the last decades (Agger, 1989) , it is unrealistic to dream about an unchangeable nature. Nature has been continuously transforming since its very beginning, and will keep on changing long after the last human has turned into a fossil (Reise, 1989 Table 1 together with their causes, needs more detailed investigations. Monitoring requires not only long-term observations, it also has to adopt a wide-scaie approach. Spatial uniformity is an exception in nature. Instead, dynamic mosaics prevail in ecosystems (Remmert, 1985) . The reason for this spatial and temporal heterogeneity is often unclear. Depending on the history of the disturbance and the type of colonizers, each mosaic element adopts its own shape, speed of change, and cours of development. Our lack of understanding of events and processes on the time scale of decades can only be resolved by starting LongTerm Ecological Research Programs (see Magnuson, 1990 ). Long-term observations combined with the recording of variables such as climatic effects, changes in sea level, long-term and wide-scale effects of exploitation, nature management, and pollution can clarify the reasons for changes in species composition. Helgoland is an ideal place for such a monitoring project. It fulfills all the requirements needed for a successful monitoring program (Reise, 1989) : (1) Historical comparisons and paleological analysis provide interpretations of the present state; (2) an institution exists to guarantee uninterrupted time series studies into the next decades; and (3) the hard-bottom substrate around the island of Helgoland has been designated as nature reserve since 1981. Table 1 . Literature used for the survey, and explanations of the symbols used in Tables 2-4 Origin of data A: K. Janke (1985 Janke ( , 1986 Samples from the eulittoral zone, Samples from the subtidaI zone, Fouling species on Laminaria digitata, Fouling species on Laminaria hyperborea Species of the "Tiefe Rinne" Species of the "Steingrund" {gravel fields}, "Steingrund", additional species on nearby sandy bottoms.
The symbols used correspond to the station descriptions given by the authors as follows: Ai = sandy bottom; A2 --gravel fields; A3 = Mytilus-beds; A4 = Littorina-habitat; As = Enteromorphazone; A6 = Fucus-zone; A7 = Priel (creek); As = Laminaria-zone; A9 = species on the north west pier; BI --station 1, 2, 3~ B2 = station 5, 6, 7, 8, 9; B3 ~ station I0, II, 12, 14; B4 = station 13, 17, 18, 20 ; B6 = station 19; B7 = station 4, 21; Dt = station I, 5; D 2 = station 2; D3 = station 3; D4 = station 4; D s = station 6; El --station I, 2, 3; E2 = station 4, 5, 6; E3 = staion 7, 8, 9; E4 = station I0; Es = station II; HI = south harbour; H2 = white Priel; Ha = north-east intertida[; It = station A; 12 = station B; 13 = station C; Is = station D; Is --station E; Jt --station A; J2 = station B; J3 = station C; KI = community A; Kz = community B; K 3 = community C; K4 = community D; Ks = community E; K6 = community F; K~ --community G; K8 = community H; N = gravel fields; N~ = additional species on nearby sandy bottoms.
"1 rare species (for more detailed information see Kfihne, 1992) "2 rare species (for more detailed information see Berberich, 1989) "3 rare species (for more detailed information see Skaumal, 1977 ) " rare species (observations by members of the Biologische Ansta[t Helgoland)
*"
rare species considered by Heiber & Rachor (1989) ''" endangered species (Rote Liste, Deutschland [Blab et al. 19841 ) # high variation in species number from year to year Table 2 . Check hst of benthic macroscopic algae settling around Helgoland as listed in recent pubhcations (for a more complete overview see , 1983 . Due to methodical difficulties (diving) or because individuals were juveniles, individuals were not always determined to species level; therefore, individuals marked as "sp." do not necessarily represent additional species to the already listed members of the same genus. Synonyms used in one of the summarized publications are given in brackets; 9 The U/va-group is now undergoing a taxonomic revision (Kornmann & Sahling, pers. comm.) ; o Taxonomic classification uncertain; for more information, see Taylor   D1 , D3-D5, El, G1, G2, K1, K2, KB, R GI, G2, R R A8, B2, Dr, Da, D4, El, Ks, K2, K6 B4, R Ks, K2 Az-A4, A6-Am ]32, B4-B~, R A2, A3, As, B1-BT, R Ax-A4, A6, As, B2-B4, B6, R As As A6, A7, B4, D1-D3, D5, El, GI, G2, R Et-Es, Ks, K3
B4, BT, D3, D4, K1, KB Ds, E,, K1, K2, KT, Ks, R A6-A9, B1-B4, B~, D~--Ds, El, E2, G1, G2, H1-H3, d2, J3, K1, K2, KT, R A2-A4, A6-A9, B2, B4, Bs, BT, D1, El, G2, R A2, A3, A6-Ao, B5, Et, E2, Gx, G2, H2, K1, Ks, R D1, El-E3, Es, G2, R D1-Ds, Et-Es, Gt, G2, K1, K2 A4, A6, AT, A9, R R J3 Dx, D3, E2, E3, Es, H1, K1, K7 K6 
Ii-I 4
K~, K~ ArA3, A~-Ag, C, El, E2, G1, G2, J1, J2, K1, K4, van Nordheim, 1989 Protodrflus helgolandicus van Nordheim, 1983 Protodrilus oculifer Pierantoni, 1908 Protodrilus purpureus (Schneider, 1868) Trflobodrilus axi Westheide, 1967 Tfilobodrilus heideri Remane, 1925 Aa, A6-Ag, B2, G1, G2, H2, H3, Ia AT, AB, G1, G2, H2, h, N KI-K6 As, Ha, I4, M N A3, A6-Ag, Bt-B6, Gt, G2, H1-Ha, IiMs, J1, Ja N M A6-As, B1, B2, G1, G2, HI-Ha A3, A6-As, B,, Ba-Bs, Gt, Ga, H1, H2, II-Ia M a2, A3, As-AT, A9, B5, Hi, Ha M D2, D4, G1, G2, I1-I3, Jl-J3, K8 H1, K4 A6-As, Dr, D3, D4, E1-E~, G2, H2, I1, I4, J2, Kt-K4, K7 A2, A6-Ag, B1, B3, D1-D4, G1, G2, Ht-H3, Ii-Is, Jt-,13, KT, Ks Ba, Dt-Ds, Ht, Ii-Is, ,11-J3, }(8 A~-Ag, B~, D1-Ds, G1, G2, H1, It, I3, K7 G2, H1, K4, K6 Dt-Ds, El-E3, G1, G2, Hi-H3, It-Is, K1, K4, K7 A6-A9 D4, H1 Hi, H2, Iz-I4 A6-A8, D1, D2, Ds, G2, HI, Ha, I1, I~-I5, J1-J3, K2 H1-H3 D1, Ds, K2 A2, A6-Ag, D1-D3, Ds, El-E4, G1, G2, H1-H3, K1, K2, K7 H2 Bt, H3 Table 5 . Polychaete larvae, whose adults are not listed in Table 3 , found in plankton samples from the Helgoland Reede by Husemann (1992) and Plate (1992) 
